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<54> mwozmi ->U3>#i(gs©fiig*jife«fcacv'U3>#ji6s^x-A 



(57) [Hift] («iE*) 

©ranww l ft # 6 «sa« West s c t * £ r s s/ 
y n >#iss. •> y ^ 



&z&^<Dmm»<D&&o%^mm>f~>fe : ?-Mis y => > 
M^©@»<*#?«t-r a «ud<^©®£3 1 # ±tfiis m £ 

t »««^©s^ *#*£Ji©&;fri6j k «t o r b-r 

Vh3t>S^I*±tfitK (Pcjnin) £. f&flffli'ya 
>U5ffig*J-C* S*^©f8jR&©??& Lft C»MM»&« 
-T-RflS-' ') =J >JST©«l£fc#?¥ft*-4®igK©Sj£jiSK: 

tfil® (Pi .max) iOKt. ^?l^±lfaS*$UtSL 

©^ y 3 >^B^©^jg^S. 

^ets^ra^ y 3 ^^jfifij-c*^*!^©®^©* 
ir>«^©g^.£rt*&ifi©g#isj{c «fc oT^{bT£*§# 
few. -e©ii^.^{c*Hc:-r*ii^gi#±ifjfS©tt i r^ 

fe**t,>^3l£.B:fj$B (Pc. max) <hg4>/h3(,»jS^ 
?l#±lfi£g (Pc.min) £©g©Pc.mintC*f--r £i!l££ 

[ tt$« 5 ] ~>0=t>mmt^i. ©J^SiLh©*^ 
fi£fi*&]fr|6jfig£jffiC- ©^S^|Sl-C©gAfflQtiax£S/h 
fflCmi ni ©M©Gnri ntC 2t f S Site ft 20%JWT £ "T -S C £ 

$* t -rsif 2 L^*^4 ©c>m*> 1 Jitc 
ffitKDf y 3 >^JSS©SSa*ffi „ 
[ii^6] if^2%t5^ig3}?]i5©c>m*>i 
Ki2lS©^';='>#^©$^iS^tcfcc>'r. SuiSPci 

PifcJrO'Pc.maxi Pc.minft 6WtPi .maxft, ^Stffft 5 

*^©gi^±if*cc?it±ifii^ft®f^ii>3i±>a:AJ 

mix. cntcK^wtb^sfttf^^r. K^rt©XR5 
©^ft**^A\ ^+ + , ;t©-7-Y7^wa©s'J^ 

fttft». SWF*J©7 W7 5?-f A©»flJSr*fe^Ci(C«fc 
0 5Ci ft^fSS; >#*SS©i?j»^ 
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[IM0I7] lf*^l^^Uig*3S6(CIB4gL.fcSS 

[g»^8] §«5jc^i%^bii^6K:iaiSUfcSji 

ft h memmimmzm o tcf&icBi&ztizmiim&ffi 
mxf&om t ft s^n^ps l & t > y a 

[#6iE©lfiffflftIftiB] 

[0001] 

[^©n-r ssffi^s? ] #2£ip§«. *a@^msms8^ 
-^©iSitfcffl^ens -> y ^ >#*ss©iijt^*jj; 

[0002] 

20 [fi£*©SJf5] *3St^aESS3R^©S«<i:L-rm»6 
ftSi^y n>*ISS£x-^«. itc^a 
i£ (CZft) K:.ko-cSSjS$nr^-5„ czmtn. 5 
^u->^p l 3-ci42o-cjy±©ii;aT > g^3nfc^ y 3 
*{«/ y 3 >m^B e B©a*ssfts?S3 -t*. 
^SftilKS -tf ft icmm^m^ I If ±{f -s c £ 
tc«fc ot. Rttt«i©"> y ^ ^feeiftwes-r^^-c* 
•S. -S9:K:WBS-rs*SB%©itS*5^:#<ft.5 > «£. US 

30 iSS200rnm ©ISBl©g|^±Cfj$g« % — «atCK0.40-l. 
5 nm/nrinT&S. C©ct 5 K IsXWlMStl&is ') 

i^S*>6^»S >> '^^clooo•CJy±©ifi5^a^^b 
AasftJte-rt, ■?x-^Ky>^tcosF tmtnzm 
itmm&mxm («t. y>^osF iBgie-rs) mm 

[0003] b*>U ttt»WSt-»fl*±tfatt-C«jft4 
titcis'J ^>m^^x.-^-cit, y>5^0SF *s^x- 
-»>©51-(|]tcJSWfc*>. * & L>5i -i7 x - ^«?WSK:?¥aT 
SCiiftO, ^x-/NF«ggPK:«. t")3>B^C»tf 

♦i. j£n»±P*fc®*L/-ca^pit6ft^PitcfiSs-rs. 

Cnft/jSS^filit^. 16mm (^¥4-192345^) 

*s> ^PSft3l»?WK:^-rs-fe3x-7?>^cJ:-D 
r. c©fi£g^RS*H*(;2f>ria^Bj B t-c*-5C£ft^b 

/c. cnftFPD (Flow Pattern Defect ) £^t:l> 
S„ *©^. J3iJ©^ftKJ:S^ai*5^$n. COP (Cr 
ystal Originated Particle ) . LSTDCLaser Scatterin 
q Tomograph Defect) tmttlZ>tRM*>®ML,1cifi, M: 

a©w^-ciic n p> izm— ©si^-c* * c t im hi» £ 

50 ft-p/c. H^7L*ie^L/cIEAffitt©^?B 



3 

(Void, £>&miNegative crystal t Pft£ft& C 

[0 004] C©fiS*^B(D^:*3tt^*ttfeOro.2 

^K*i,ft:ft>-?fc*s. -en#i mn kmtft~>T< £ 
[0005] coit?a9umojiu^K«xM3«ft 

i^iut, *xw^jgfc*sy>yosF £^X- 
^ (*SS> *3feSPK43«i3i±/c, (,>frt$>&@iI3l£±tf 

3<T&&£y >^osf ooy>y&avh3 < fto, 

£te ± £ x w%<DHfittlHliK3 tiT itfc. 
[0 00 6] c©J:5&ttR<Z>4n?, 3l*±tfiSfi*/h 
S<«4y> ^QSF ^JM>JtHKCdlMMr & C i 
**i^*3WX«4 0r5iaufc (icmwieo^. p. 76 

ft7BliJtr¥2'>tf£?94. p. 27. 

■ (W.V.Anmon ) ^t*. y > ^OSF ** 

«a**»fCJDWT * 3 1 * ±tf SfiPcri t(rrin/mi n) » . 
«S«*W©*S*flll*-C*K«BC (°C/rran ) CCtfcW 
U Pcrit/G = 0.13 mm 2 / 'C - min "C^AStlSCi* 
SmffiKCttA&fltsft: (^11^7-257991, */c«Journa 
1 of Crystal Growth vol.151, p. 273-277, 1995 ) c 40 

ctist tfazszjy&mmLtcmwi. »*ft 

^ROiSKiilKBP/c ms«&c>9SM (v. v. 
Voronkov: Journal of Crystal Growth, vol. 59, p. 6 
25, 1982) **BWfc*lx/dftW©ft*"C*S. 

[0007] u>^osf (DttflRL 

^osf (DiR«rfi«bfc^x-^% (cn«»;>^osF cD?f 

WJ^ffitCjA*W/c^x-^<!:I5i;«<D'C, JUT, t> > 
y0SF (OftmtmFTZ) CCtt, ^MSSO^gX 
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lt^/Co ^{ b^WOEtC »KV U ft I > <L I > 5 C t 

* 0 r y - 9 &cjgg t, fc7A*gft£r * c i 3&*?8 6* i 
ftD> C©*#ftiS!Rx^>^fc-* h (CCtU La 
rqe Etch PitiPf^ LEP 4:B§tE~3~<S> I WT-IRSGftJl' 
— :7\ fefi £ ^ * £ — 4 ^U^r— >3>d:if 
tfhSCttiS. ) 0^iift*IS«XB <HT\ * 

[000 8] coJ:5«cy>yosF ©Wt«4l/t, 

/Co m&x'\z % ±aiL/cj:^ccy>yosF oAMoises 

>?v->m (F2ffi> {ctew&*s«^B©w3as*i© 
attt«>6. lep j*B^m^y3>ni j fo»jii*-c. feii 

n 4> ts ju»±p4i r: jgflt 3 n & c ± 6 j&mxm-c * & . 

[0 00 9] CC[)«fc5ftigi$K:J:9, FPD iL£P fecfccJ^ 

y>^osF «>»ao&c^x-^<oBi»3»is«KJiy- 

[0010] — FPD i LEP :focfctfy> 

^OSF ©SaELttC^X-^OnHBtttSS^-rS^- jf 
(M . Hourai et al . : Progress in Semi 
conductor Fabli cation, SEMTCON/Europe, 1993 Techni 
cal Conference, Geneva, March//^pril, 1993 > » 

cao/c^x-^©»4 #oi<D*^*^ia-c&£o y 

ifit>frZ>. "T ft *> % . y > ^OSF <D?f ffflCC FPD LEP 
frCC J: o T 3 6 tC*<D««*J£*'C* £^(£1/ 

/Co 

[0011] 3£3fc^C£o-t\ ^a*^^ + 

-ffiCCiOWfiRStifc^y n>^teS^x-^"C*o 

mrnxm (y>^osF > w^x-^WTHWifciB 

*»)i-^#JSW8 ftte («H¥8-33oa«) . 36 

tC. CC0j:5ft«>X-/>tt. 3l#±tfiiS*P (nm/mi 
n) <hL. ^ya>©ltt*>ei300"C*r6[>5l*±tff* 
^Rlonft«lEOT^lfl4rG CC/rrm ) <b"r^i^(C, 
P/G (Dffl ; S:0.2O-'O.22mit 1 / °C • min tCSfJiaJT-S C £«C 

[0012] ^COcp'C, P/G #0.22 mm 1 / °C - min ift 
64*«cy >^osf A4U43AfffiCJRMr&£LrTC» 



5 

-S. cfttiSteMi©? * > ■ r^mo^Btik.^tx . 

7 £tc> tpW$<D&3kX1,Z. Pcrit/C = 0.15 

nnr/ 'C • nrin Xhh ( B^ISHiJ&g^li. Vo1.24,N 
o.4,P22,1997> . C©J:5tC. Pcrit/G ©ffitt. 

[0013] ^*Lm<D&mLtc5*--''>i>mm-c%z>fr 

BkZtifcWM (iltl) *KHcy>*OSF 
©iWSJKiK{i$'7.X#---&FFD ib^l^iiSd^^ciii 

3WI-e*£. 10 

[0014] JU±©rtS(i. M^TLitS^-mv 'J 3 > 

[0015] czm-c\ttt*y#frmm2tiztc#>. m 

rm-ei,mmvTtiUfc<D®&&*z < n&s. *^© 
mw&m&ztix^z. 

[0016] m&m&tpicmdizntcmmtfTtii&u. -e 30 
KmmLx£*)*i*rj:Mmmtiiy}^±i£&irz. mmm 

arc. tt&m&m&mtumztizt. f^-fxrste® 

#£il&&5Il*I©lt&ffrtZJ»3©©P§K: * 0 . SSHiggtii 

ctmiasttfciisfiffi *&©*># 0 (D&-t>m®mux*s 

£ttMS3iVCt,>/c. L*>L. SiST?ttfcJ8l!©g&ji!M# 

®fiit;*ft. iooo-io5o-ci^or*j'?. t&AH&fiK: 

is^«rm^©s«©*«w. ae*eu:tcfflf as n-c <,> 
« m^©ss©tf e. o » * hunt mm<D&w&-smx 

[0017] 50 
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[*9!jMSfclyJ:5&"r&Ht|H3 ^©Jr^tc, 3I£± 
If i&g.i'l^ < LX^< t'jy ?VSF ©S*VJ\3 < ft 

Cife*Hr*-5„ *7c. Lfc«fc 5 tc. 'J 

>^0SF ©fl-ffilJttt&^?fifh> y a >MT©S**-C*S LE 

fifcrC**. £7c. ';>^0SF St&SPi*© 

*fflJ©LEP IS«(i©ratCES;SJ«:PSFPD©^L/ftC^^ 

[0018] i^fO^-Ctt. fl^PS©^*^^- 
*S(r»»**ga^Rtcl£S/S*i£»C-3i»-Ctt. P/ 
G ©«Hra5eL.r«,>Ss8«, G ©fit»*fig©teSfi£S^ 
©flrctttt < tMCRMWr 5/ 5 ~ u-i' a >fcj: S 6© 

cbttft.6ftl». JdasofcJr vyfaSF *ffi»P& 

»K«arj- spcrivc <Dtt«Mantc «t -jti 9fttc& s 
ci*». ^©ci^Sttwn** c©ffi«. 

*S(,>WrfjJR©^5a.U-^3>y7 r (Tci^t*. FE 
mC h : F. Cupret et al ; Journal of 

Heat Transfer, vol. 33, p. 1849, 1990 ) 

ft*. *ni*frtt6CfK«JE©3e«©ft*«:J:-9-CtC 

[0019] L7c*J-?r. P/G ©flttJ— tM£49J:C^9 

(c. G<ommikfcm.wcfflw*z$tWLx\i.rj;< s . m\ 

^*J!fel>/c*. a.U-^3>-C^«t)SG ©ffl^C-Ol^ 

xa. zwiMiHxmmmtisxm^z^zx&z. en 

fj. ^CC*l]SJU-C^-5,fe©-C*S^6. Sifcil/TiS 

[0020] japjft.^Ri©ssi-e©st*p/G 
-c&gsti^. jKa>=jy©ffi^ ; &^^css-r^a 

^©ii^ecsfiiinffi^ft^w^stffli Lt^^si 
ii-cttftc^^tc. *^RS©@*i*-c*^RS;g^Rl©» 
bS^csp/g ©?S[ffl ; &^^.sai&-cfeftt^ Src. 

dp/g xmterzt^'yct&mzE.-rzcttestiibx 



[0 02 1 ] C©J:5 WiB*^-T5i, f$t&Xm(Dfc 

iSLmf&tteXf&mwoifmzp/G -erase <. mszmm 

[002 2] — -H, ±.&btcJ: *) K, V > i'OS 

^i^^KjAtfftC^SISilUc. 0*>L/. C©« 
J^COC>T©®3itftHi^&COl,>T«. ?36^{C$n-C 

[002 3] A*tttj£^<?)3».&0*. COMKhm® 

ft ctw), mmmmmAi^izm< ft 

fta>6-e*ft„ %OAr^3n&«J:9lc. SBRtftUa 

(fciiti siQ.) oiR7-a?L«tt^iiiH(cft&£{ei 
SHjsftft. 

2x0i+y Si +zV<=> xSiO, + ( y- z - x) I 
CCt, oi ii^HtSHT, SiBS/'J3>tt?« 

v ttJR^FfflTL. I BUfflBi' K a >JK?-e«U 
x, y. z ttig£;£3tr. 

[0024] COCi ttJEttWK*© «fc 5 KBHH-C* 

mstis. jsMa.jWMJ'Ci&ftft. gaaanftte^Rg 
H53ttft$STR!i~> y a >MT©KiR#itac 6&c>/c«>k: 

tH raffle $t;50t?*5„ 
[0 025] ®l^m*iffijfr^^<!:«I*IJ$tl4^ 

ft. »m-rnra\ &jHE©i;@££w-?>-r<,>a\ swsi 

#f tti*j©«g*i x - ^Rg-e« h -ofr a t » c £ #!&g-e 
*ft. 

[0026] *.$mn> ±f2©«t ^«pgm*tcs^3 

4U£fi*. *WttftHB«*8-3fc3e*"caft5l*±tf 
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f ft3 I #±tf aS©©fflrtT? I #±lf^K**Ui83) boo 
«&A«3 1 *±tf * C £ tc J: o-csig-r 4 4 O 5 3>a <t -e 
©SftKiotWStis J/ y 3 >*fesfc <fctf -> y 3 

[0027] 

[fMKrJSSW4fc«>©^«] ±EBW*JtflS-r&ft:a> 

k, 49K«<Dm«g i cce«bAj»is». ****** 

i/'ja >M^3lSii-CS) ft#*©lg*f*©?¥:?£ L tt I >®t£ 
10 ■Ctt**WfiW*C4*««4TS5'y3>*ttfl©ll 
ji;£&-C*ft. 

[ 0 0 2 8 ] C©<fc 5 &C> ^ y a ><US»*WKST ftHf 
tc. »flBJ/';a > JK*- iMfC *> -5 

WJ-ftfl*. illMttM?^CcaH?ftniitBt^tBttl« 

KKM? tiSKffcSliaSH^RSOSi tt ft tSAftR* 
20 MDll' f y 3 C t ft. 

[002 9] *fc. *^W©IS*S2fCiS*ILfc^BJ 
«. 5 i ai'7;l'X+-^CCJ:- 3 -C->y33>#ieS«:WBS 
TftlSKC. *S*5l*±tfa«*. JK J f-£?LiI*rC*ft*i 

©®^#©??3t b > ffl&^<D&&&m c z i 

sm<*©ss 0 ttl»«*6» 6tS-f IBV y 3 >MT©^S 
L ft *5 h itSS* WfiET *Ci«»«ir*vya>#|S 

30 JSKDia»5rffi-C*4. 

[0030] n^s i ©<fc ^{c. ->y a >*^a*WRS 
■r *bkc . *s^ra~> y a >wf*Hwr* 

rni©sfif^]ffi*©f6©H : f-%*i)iai - rs«i: 5KLtai> 

tcj:o-C. ^□ D D »©->y33>#igS4WfiX-r-5J:^K:^- 
40 [003 1 ] C©J§£. S»*B3«:BB«L/ft:J:9K. J® 

a >ji^ias'Jr*4*i-e©«*ft©^^ffi^©a^ 

K»tWSjMP5l*±tfa«©«*>"C*<>/jN3lr>a»5l* 

±ifsa (pc .«in> £. ts^ia^ya^ii^jafij-c** 
©«*»^»eE-r e fMh^nsj^icMie-r ss^? i * 

±tfSg©«£-r-&&**C>i8*£3li*±tf;i& (Pi .max) 

so -rft«t5(c-rft^A<*ft. 
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[0 03 2] ilS. JI^?LiB*Jr&£#l?£g^Pl©ft 

5Ci*!?< l C©«t5*t8^tC«. ilBPc.mini. P 
i .max4 ©RATteHS I *±tf aftSMffll L tzft 

[0 03 31-eit, fS#Jj4«:fa»Si,fcJ:5K: v M^- 

^©S^faKior^b-f Sti^cii. -tojg^K 

(Pc.max) i**>/hSl»a«9l#±tfjlS (Pc.m 
in) i©fi©PC.nrinK:S«-4i(^409<-79<i-r*J: 

&4teS4©l*ffiitt±©*Siy&Sl^faj&£5JffiG ©* 
&#faX*©&^ffiCmax4&/NilGmin4 ©^©GmintCfcf-r 

[0034] e©«fc 5 cc, jl^*«teS©a*ipJ«:«fc o 

TStftrSfltetCtt. iSPc.maxis^^Pc.min©^. 20 
*St,HJGmaxiQirint©^i-r^Ci(CJ:n>-C. te^- 
fflS^y ift«I'C*i3&J-e©)^*©??SEl/^l»« 
^©^©iTgi&ft©^®*? I * -Bf Sfcto©? I #±tf 3 

[0 0 3 5] t/T. *«^{C*jt>-C. ^WttPciPl 
fc^i^Pc.maxi Pc.nrin& Pi .max©fii« t Sf^JI6 
fcietg b J: 9 K . ¥ «Wt 5 #&iH©3 1 * ±tf f K 5 1 

+ + ';7©7-f7$>f A©a>J5£%m>. 5S*4l*3©-7-r7 

* 4 A©»ffi**jt>a c 4 tc«t o -s<fc a «c-rs„ 
[0 03 6] c©J:5&:££(cJ:fttf. JKHIJ4 bT4© 
«fc9ttj!Prt«««a©5l*±«f«Kfct»-C4. PciPifc 
Pc . max 4 Pc . tin rfs. ^> &tC Pi .max* . ffl#*OlE5gtC 

b&<. »J5nyt«tcfieot:gi#±tfaK*iwwb-cis 40 
a* f^ti«, mm K.mta&K<DmsLi » * c 4 # m 
**. 

[0 03 7] b *«!8©*ffi«: «fc -?"C . 

ra-> y 3 >«^fir* a b«ct>« 
wo*©iaii**rsi"; (at48S7) 

&ts»a>WMkVs.-n (»*318> ». M4US9© 
*KcS*rb. a*]*« : fg£?L«:iiaH-rSi**B»R*ftt« 
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TPai-> y 3 >M^©s*f*. & 6 cKc&^t&yi£te b 

[003 8] t(T. JgtCi¥»C|ftB^-r^, 0 

*^-c». *-r*SB%?i#±ifiie[(ic*f-rs.^RS©a 

«©«*£** J: t>'^S^RIM^©ilS */«c 6 chc y > y 
C6F ®JS©S^.>s=&^©«fc^«:LT^Jf)So Tfcfctj. 
.^o%?ll?±Wtc*filS$ afefcO ©?l*±tf i!S©^fb 
fir (mm/min/cm ) £— bTSI£±tf jiS^Sf^ 

77g(HF) 4tSt& (HNQj ) 2»6fcSilK7§i8«CrS« 

[0039] ±l3©^(C*st>-C«. #fiS3*/c9© 
5 1 # ±(f jia©^b«£-«(C l/T?|# ±tf 3S ^^'X 

[0040] C 5 bT^i&fcXfiifl^S©— MI2 «c 

^•r. ««A«fiSs^RgFPD©jf5fiS5ns^-c*s 0 
c4it*. ±i^©^-c^»fta^a*ss3n-ci,^j:^ 

■z,xmm-c$z. m«bw;>^osf *5jf^#n-5^«c 

M^CKfiES^PS©FPD iLEP frMmZtlfJ:^ 
^Dfefi£S^RI©FP0 <bLEP *sa^3n*ci>^ 

[004 1] X|Sh*f^7^^©=i> h©®lii 

iWK* yr©-7-<7^-Y A©^/h*S^-c-tbS<-r S 

»c. ««?c. $ih5a. ^e. mjisb, mmvtFt 

tx/c^D 4 E i F *itS^ffl-> 'J 3 

y =1 >is^M^ni54^^?LiaiiJ^ii*** 0 . 
•e©^ ; £^wws©^*s^»^SS!+f yr©5r-f 
7^-Y^©aij^*>6*iJS-r?§s. *^©Sjt*-j*-c 
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[ 0 0 4 2 ] &tC. *»W«D-> 'J 3>*f£ifl<Dl3i£:fr)£ 
♦arc^<<D^*4«:o^T:. &S#r'JJM£lB'<<&40 3 

[0 04 3] *&WCiX. C©^D«35® 

hf^-cssa*? i *±if n«. wsba*©^ y zx is ma 

A> ^y3>i|M§A^x->>£»£c4#-e*.5c4fc: 

y 3 j: cf2/ y 3 >**&A9 x-. ^t?* 

ii»iiaM^s?i«:iBH-j-*a»Hi3iWfa««***-r. 

■Ff-aSL©***-? * SrtfiXffi* <fc CttffllUi' y 3 > 
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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for producing a high-quality silicon single crystal having no growth defect in 
the whole region of wafer and slight variation of precipitated amount of oxygen by pulling up the crystal while controlling a 
pulling up speed being a variable having both commonality and generality and to obtain the silicon single crystal produced by 
the method. 

SOLUTION: In a method for growing a silicon single crystal by a czochralski method, a crystal pulling up speed is controlled to 
grow the crystal while controlling the speed between a transition pulling up speed Pc at which a transition from a zone in which 
an atomic vacancy is excessive but no growth defect exists to a zone in which an interstitial silicon atom is excessive but no 
its aggregate exists occurs and a transition pulling up speed Pi at which a transition from a zone in which an interstitial silicon 
atom is excessive but no its aggregate exists to a zone in which the aggregate of the interstitial silicon atom exists occurs. The 
silicon single crystal is obtained by the method. A silicon single crystal wafer is obtained from the silicon single crystal. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the silicon single crystal characterized by raising a crystal in the 
field in which the floe does not exist although the silicon atom between grids is superfluous in case a silicon 
single crystal is raised with the Czochrlski method. 

[Claim 2] In case a silicon single crystal is raised with the Czochrlski method, a crystal raising rate The 
transition raising rate Pc to which the transition to the field where the floe does not exist from the field 
which does not have a growth defect although an atomic hole is superfluous although the silicon atom 
between grids is superfluous takes place, The manufacture approach of the silicon single crystal 
characterized by raising a crystal, controlling between the transition raising rates Pi to the field where the 
floe of the silicon atom between grids exists from the field where the floe does not exist although the silicon 
atom between grids is superfluous. 

[Claim 3] Although the silicon atom between grids is superfluous, when the transition point to a field 
without the floe changes with the directions of a path of a crystal from the field which does not have a 
growth defect although an atomic hole is superfluous The smallest transition raising rate in the transition 
raising rate corresponding to the transition point (Pc.min), Between the largest transition raising rates 
(Pi.max) in the transition raising rate corresponding to the transition point to the field where the floe of the 
silicon atom between grids exists from the field where the floe does not exist although the silicon atom 
between grids is superfluous The manufacture approach of the silicon single crystal according to claim 2 
characterized by raising a crystal, controlling a crystal raising rate. 

[Claim 4] Although the silicon atom between grids is superfluous, when the transition point to a field 
without the floe changes with the directions of a path of a crystal from the field which does not have a 
growth defect although an atomic hole is superfluous Claim 2 characterized by making the rate to Pc.min of 
the difference of the largest transition raising rate (Pc.max) in the transition raising rate corresponding to the 
transition point, and the smallest transition raising rate (Pc.min) into 0% - 7% Or the manufacture approach 
of a silicon single crystal according to claim 3. 

[Claim 5] Crystal growth shaft-orientations temperature gradient G of the interface right above of silicon 
melt and a crystal The manufacture approach of a silicon single crystal given in any 1 term of claim 2 
characterized by making the rate to Gmin of the difference of the radial maximum Gmax and the minimum 
value Gmin into 20% or less thru/or claim 4. 

[Claim 6] In the manufacture approach of a silicon single crystal given in any 1 term of claim 2 thru/or 
claim 5 Said Pc, Pi and Pc.max and Pc.min, and Pi.max A crystal is raised pulling up during raising of the 
single crystal performed beforehand, and decreasing a rate gradually. From the raised single crystal rod, the 
sample by which the vertical end was carried out in parallel with crystal growth shaft orientations through 
the crystal center shaft is started. Perform etching processing, in order to remove surface treatment 
distortion, and oxygen precipitation heat treatment is performed to this. The manufacture approach of the 
silicon single crystal characterized by what it opts for by measuring life time of a minority carrier in quest of 
distribution of the defect in a sample, and searching for distribution of the life time in a sample. 
[Claim 7] The silicon single crystal manufactured by the manufacture approach indicated to claim 1 thru/or 
claim 6. 

[Claim 8] The silicon single crystal wafer obtained from the silicon single crystal manufactured by the 
manufacture approach indicated to claim 1 thru/or claim 6. 

[Claim 9] The silicon single crystal wafer which is a silicon single crystal wafer raised by the Czochrlski 
method, contains the silicon atom between grids superfluously in the wafer whole region, and does not 
contain the crystal defect used as the nucleus of the oxidation induction stacking fault formed when floe of 
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the growth defect which is the floe of an atomic hole, and the silicon atom between grids, and thermal 
oxidation processing are performed excluding the abnormality precipitation-of-oxygen field resulting from a 
superfluous atomic hole. 



[Translation done.] 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.ncipi.g... 2/7/2006 



JP,11-199387,A [DETAILED DESCRIPTION] 



Page 1 of 1 1 



* NOTICES * 

JPO and NCXPI are not: responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a silicon single crystal and 
silicon single crystal wafer which are used for manufacture of a semiconductor integrated circuit component 
etc. 
[0002] 

[Description of the Prior Art] The silicon single crystal wafer used as a substrate of a semiconductor 
integrated circuit component is mainly manufactured by the Czochrlski method (CZ process). A CZ process 
is an approach of raising a cylinder-like silicon single crystal, by pulling up seed crystal gradually, making 
the seed crystal of a silicon single crystal immersed in the silicon melt by which melting was carried out at 
the elevated temperature 1420 degrees C or more within the quartz crucible, and rotating a quartz crucible 
and seed crystal. Since the solidification latent heat emitted in case melt solidifies becomes large so that the 
diameter of the crystal generally raised becomes large, it is necessary to make a raising rate small. For 
example, diameter of 200mm Generally the raising rate of a crystal is 0.40 - 1 .5 mm/min. Thus, if elevated- 
temperature thermal oxidation processing of 1 000 degrees C or more is performed to the wafer produced 
from the silicon single crystal manufactured, it is OSF to the shape of a ring in a wafer. The oxidation 
induction stacking fault (it is hereafter written as Ring OSF) called may be formed. 

[0003] However, with the silicon single crystal wafer manufactured at the comparatively high raising rate, it 
is Ring OSF. It would escape on the outside of a wafer, or will exist in the wafer outermost periphery, the 
atomic hole which is the lattice point from which the silicon atom escaped is superfluously incorporated by 
the solid-liquid interface inside a wafer, and it condenses during crystal cooling, and grows up to be an 
observable defect. This is called growth defect. Fusegawa etc. showed that this growth defect could observe 
for the first time with the SEKOETCHINGU liquid which corrodes a defect alternatively (JP,4-1 92345 ,A). 
This is called FPD (Flow Pattern Defect). Then, detection by the option is considered and they are COP 
(Crystal Originated Particle) and LSTD (Laser Scattering Tomograph Defect). Although the defect called 
also appeared, in the latest research, these became clear [ that it is the same stereo ]. That is, it was analyzed 
by electron microscope observation that it is the cavity (referred to as Void or Negative crystal) of the 
regular octahedron which the atomic hole condensed. 

[0004] what has the big magnitude of this growth defect — it is — 0.2 mum it is — the degree of integration 
of a device — small — a design rule — 1 mum although the above time was hardly influenced at the yield of a 
device — it — 1 mum When it became below, it became clear to do a bad influence to a device. If a growth 
defect exists the inside of a device barrier layer, and near it, poor junction leak will be caused. If it exists in 
a wafer front face, a poor oxide-film proof pressure and poor junction leak will be caused. From now on, 
since the degree of integration of a device becomes still larger, it will be required the consistency of this 
growth defect, reduction of magnitude or disappearance, and not to make it form further. 
[0005] Ring OSF which is in a wafer periphery as an attempt in which the growth defect of this atomic hole 
reason is not made to form The development and the prototype of the so-called low-speed raising crystal 
which the wafer (crystal) center section was made to contract were performed around 1990. It is Ring OSF, 
so that a raising rate is made small as experiential knowledge by the crystal manufacture manufacturer. 
When the diameter of a ring became small and carried out to below a certain raising rate, contracting in the 
crystal center section was common knowledge. However, OSF formed in a front face Since it became the 
largest, manufacture of the wafer by having a bad influence on the device formed in a front face and low- 
speed-izing a raising rate for the problem of the productivity slowdown of the crystal by the formation of 
low-speed raising was avoided. 
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[0006] It is Ring OSF if a raising rate is made small in such a situation. Sasayama etc. announced carrying 
out contraction disappearance to the crystal center section officially as reference (the application physics 
No. 60, p.766, 1991). Moreover, Tachimori etc. is Ring OSF. Although the poor oxide-film proof pressure 
happened by the inside of the existing wafer, on the outside, it announced that a defect does not happen (the 
Japan Society of Applied Physics crystal engineering subcommittee, the 7th time crystal engineering 
symposium, p. 1990 [ 27 or ]). Development of a low-speed raising crystal and a prototype came to be 
performed talcing advantage of this announcement. As the result, Von Amon (W. V.Ammon) etc. ring OSF 
Raising rate Pcrit (mm/min) contracted in the crystal center section It is proportional to the crystal side core 
temperature gradient G of growth shaft orientations (degree C/mm). Pcrit/G = 0.13 mm2/ ** and min 
Experimentally in quest of being given, it announced officially (JP,7-257991,A or Journal of Crystal Growth 
vol.151, p.273-277, and 1995). The theory as which Voronkov advocated this, i.e., the class and 
concentration of a superfluous point defect, is P/G. It is the first work which showed experimentally the 
theory (V.V. Voronkov: Journal of Crystal Growth, vol.59, p.625, 1982) of being decided. 
[0007] However, ring OSF An outside or ring OSF FPD which is the growth defect of an atomic hole reason 
at the wafer (it is hereafter named the outside of Ring OSF generically since the outside of Ring OSF of this 
is the same as that of the wafer which spread on the whole surface) which carried out contraction 
disappearance By the crystal manufacture manufacturer, it agreed to observe the selective etching pit where 
magnitude completely differs from a configuration. Although I hear that oxide-film pressure-proofing was 
not influenced and the inside of the first stage was not made into the problem It becomes clear that the 
defect who originated in leak by the device yield occurs, and it is this big selective etching pit (here). Large 
Etch Pit, a call, and LEP; to outline — it may be called the mold dislocation loop between grids, a 
rearrangement cluster, and a large dislocation The crystal defect used as a basis (the crystal defect is also 
hereafter written as LEP.) The wafer not existing is needed. 

[0008] Thus, ring OSF It became clear that a crystal defect of a different kind is completely formed 
bordering on a field, it mentioned above in current — as — ring OSF FPD which is an inside growth defect 
LEP which exists in a low consistency on the outside although it is clear that it is the cavity which the 
atomic hole condensed about — the stereo is not solved yet. Contrast with the research result of the crystal 
defect in a floating zone method (FZ method) to LEP It is the floe of the silicon atom between grids, and it 
is predicted that they are a dislocation loop and its cluster. Since this is also formed during crystal cooling, it 
is a growth defect. 

[0009] By such circumstances, it is FPD. LEP And ring OSF Development of the wafer not existing became 
an important and indispensable technical problem by the crystal manufacture manufacturer. 
[0010] On the other hand, it is Horai etc. to FPD. LEP And ring OSF The data which suggest the possibility 
of the wafer not existing were released (M.Hourai et al. : Progress in Semiconductor Fablication, 
SEMICON/Europe, 1993 Technical Conference, Geneva, March/April, and 1993). The data is shown in 
drawing 1 . This is about 4 of a wafer which was made to carry out thermal diffusion of the copper, was 
made to ornament a crystal defect, and performed X-ray topogrph photography from the wafer front face. It 
is the sketch Fig. of 1 of a part. Ring OSF A field and LEP It turns out that there is a field where a crystal 
defect does not exist between fields (a dislocation loop and its cluster). Namely, ring OSF It is FPD to an 
outside. It suggested that the field which LEP (rearrangement cluster) does not have, either was formed and 
the field could be further expanded according to crystal training conditions. 

[001 1] Then, the silicon single crystal wafer which is a silicon single crystal wafer raised by Horai etc. with 
the Czochrlski method, is a low-speed training wafer with which the oxidation induction stacking fault (ring 
OSF) generated in the shape of a ring was extinguished in the wafer center section when thermal oxidation 
processing is carried out, and is characterized by eliminating the rearrangement cluster from the whole wafer 
surface was invented (JP,8-330316,A). Furthermore, such a wafer is P/G, when setting a raising rate to P 
(mm/min) and setting the average of the temperature gradient of the raising shaft orientations from the 
melting point of silicon to 1300 degrees C to G (degree C/mm). They are 0.20-0.22mm2/ **, and min about 
a value. It proposed that it was realizable by controlling. 

[0012] In it, it is P/G. 0.22 mm2/ **, and min It is Ring OSF when becoming. It is supposed that it will 
contract in the crystal center section, if this compares with the value of Von Amon of point ** etc. — 1.7 
twice — it is large, moreover — the announcement of Nakamura etc. — Pcrit/G = 0.15 mm2/ ** and min it is 
(22 4 24 a Japanese crystal growth society magazine, Vol. No. P 1997) . Thus, Pcrit/G A value changes 
greatly with announcement engines. 

[0013] It is actually Ring OSF whether proposed wafers, such as Horai, are realizable, if the photograph 
(refer to drawing 1 ) announced officially in 1993, saying that it stated in the top is seen, although it is not 
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clear. A rearrangement cluster is also FPD to an outside. It is a fact that there is a field which is not. 
[0014] Although the above contents are in the technical situation an atomic hole, reduction of the growth 
defect resulting from the silicon atom between grids, and the latest [ about elimination ], the crystal defect 
which has effect important for a device from before in the silicon single crystal by the CZ process is an 
oxygen sludge, and the control technique is an important technique in a device process. In recent years, the 
device thermal process has low-temperature-ized and control of the consistency of the oxygen sludge is 
more important. 

[0015] In a CZ process, since a quartz crucible is used, oxygen is incorporated by silicon melt during 
penetration and a crystal from a quartz crucible. And during crystal cooling, it becomes supersaturation and 
condensation of oxygen takes place. Condensation is most promoted 650 ** and near 500 **. Therefore, 
since the nucleation of this oxygen sludge happens in response to the heat history of the low temperature 
under crystal cooling, the upper part of a crystal differs in the consistency of a precipitation-of-oxygen 
nucleus greatly from the lower part. Of course, depending on the supersaturation oxygen density 
incorporated during a crystal, precipitation-of-oxygen nuclear density increases, so that the concentration is 
high. Therefore, the wafer manufacturer requires precision control of a supersaturation oxygen density. 
[0016] Into a subsequent device thermal process, supersaturation oxygen deposits in those nuclei and the 
precipitation-of-oxygen nucleus formed during crystal manufacture grows up to be a bigger oxygen sludge. 
An oxygen sludge has the important duty which carries out gettering of the heavy metal polluted from the 
outside, such as equipment, in a device manufacture process. On the other hand, if a sludge is formed in 
high density, it will exist even in the inside of a device barrier layer, or its near, and will become the cause 
of poor junction leak. In the conventional thermal process, when high temperature processing of 1200 
degrees C put in another way between the wafers of the consistency of the precipitation-of-oxygen nucleus 
which most amount of the precipitation-of-oxygen nucleus which is in an early phase comparatively and 
was formed during crystal manufacture of all heat treatment processes was remelting, and was potentially 
contained in the wafer, the difference during a crystal or between crystal locations was eliminated. However, 
recently, early heat treatment is low-temperature-ized and has become 1000-1050 degrees C, and the 
precipitation-of-oxygen nucleus formed during crystal manufacture serves as a process which grows as it is, 
without dissolving. For this reason, importance is attached to control of the consistency of the precipitation- 
of-oxygen nucleus under crystal manufacture more than before. Therefore, the approach of controlling 
dispersion in the consistency of the precipitation-of-oxygen nucleus between the wafers which happen 
during crystal manufacture needs to be invented. 
[0017] 

[Problem(s) to be Solved by the Invention] As mentioned above, it is Ring OSF if the raising rate is made 
small. It is a well-known fact that a path becomes small and carries out contraction disappearance in the 
crystal center section at a certain raising rate in those who are crystal manufacture manufacturers and are 
engaged in crystal manufacture. Moreover, ring OSF It is also a fact that the cavity which is the floe of an 
atomic hole is formed inside as a growth defect. Moreover, it is Ring OSF as Horai etc. announced 
officially. As for an outside, it is also well-known that LEP (a dislocation loop and its cluster) which is the 
floe of the silicon atom between grids is formed. Moreover, Horai etc. is Ring OSF. LEP of the periphery 
section and its outside The knowledge that there was a field where the growth defect FPD does not exist 
between fields was developed, and it proposed extending it throughout a wafer. 

[0018] About the approach of extending a defect-free field for the whole wafer surface or a crystal overall 
length in Horai's etc. invention, it is P/G. It is G although specified in the range. Since a value is what is not 
a value at the time of actual crystal growth, and is depended on comprehensive heat transfer analysis 
simulation, it does not turn into a value which had generality among crystal manufacture manufacturers. It is 
Ring OSF as mentioned above. Pcrit/G contracted in the crystal center section That a value turns into a 
value which is different with an engine can say that that is supported. G ** values differ by whether the 
simulation software developed in each engine is used, or commercial simulation software (for example, 
software:F.Dupret et al; Journal of Heat Transfer called FEMAG, vol.33, p.1849, and 1990) is used. 
Furthermore, it is G also by the method of a definition of the method of creation of a finite-element mesh, 
boundary condition, and inclination. It will become a different value. 

[0019] Therefore, P/G A value is not suitable as a variable which gives and controls generality and 
similarity. Generally, it is G. A value is not the variable controlled in crystal growth but a parameter given to 
the designed incubation structure in a furnace, and it is very difficult to carry out modification control of this 
during crystal raising. Moreover, G for which it asks in simulation also about the absolute value since there 
are not similarity and generality About the value, it should use as a relative value within each engine. On the 
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other hand, it pulls up, and since a rate is a common variable and is actually controlled also by what engine, 
it is suitable as a variable. 

[0020] On the other hand, the class and amount of a superfluous point defect are P/G. There is not still 
theory which denies completely Voronkov's theory of being decided, or an experiment fact. However, P/G 
to which formation of the growth defect which is not the theory which gives the critical value from which 
transition of the class of point defect takes place as a concrete numeric value, and also is the floe of a point 
defect takes place It is not the theory which gives a numeric value, either. Moreover, a transition point is 
P/G even if. Even if the experimental result of being decided only by the value is obtained, it is the same 
P/G to any incubation structures in a furnace. It is very difficult to prove that it changes. Because, G Since a 
value changes with analytical engines, it is because there are not similarity and generality. 
[0021] Considering such a situation, it is the boundary of the formation field of a growth defect, and a 
defect- free field P/G Not but, raising rate P which is an actual control variable If the general approach of 
determining can be found out, in actual crystal manufacture, although it is very effective and is a general 
approach therefore, there will be similarity between each engine, and it will become the very high approach 
of easy and practicality. 

[0022] On the other hand, Horai etc. is Ring OSF as mentioned above. LEP of the periphery section and its 
outside It is the growth defect FPD between fields. The knowledge that there was a field not existing was 
developed and it proposed extending it throughout a wafer. However, it is not clarified about the 
precipitation-of-oxygen behavior about this field. 

[0023] If the transition point of a superfluous point defect is in this defect-free field, the field where an 
atomic hole is superfluous will exist in this defect-free field, and the amount of precipitation of oxygen may 
become high unusually. It is because it depends for the amount of precipitation of oxygen on a superfluous 
atomic hole and the superfluous silicon atom concentration between grids. As shown in the following 
formula, an oxygen sludge (for example, Si02) will be promoted if atomic hole concentration becomes 
superfluous, and if the silicon atom concentration between grids becomes superfluous, on the other hand, it 
will be controlled. 

2 xOi+y Si+zV <=> xSi02+(y-z-x) I — here — Oi the oxygen atom between grids, and Si — a silicon grid 
atom and V An atomic hole and I express the silicon atom between grids, and x, and y and z express 
concentration. 

[0024] This can be explained as follows qualitatively. In a silicon mother crystal, formation of an oxygen 
sludge expands the volume about 2.25 times. In order to ease grid distortion generated by this, the silicon 
atom between grids is emitted. Since the silicon atom between grids emitted as an atomic hole is superfluous 
is absorbable, a deposit of oxygen is promoted. If the silicon atom between grids is superfluous, since 
absorption of the silicon atom between grids emitted does not take place, precipitation of oxygen will be 
controlled. 

[0025] In the field which precipitation of oxygen promotes, and the field controlled, a difference may arise 
to dispersion in the amount of precipitation of oxygen. If it puts in another way, it will be predicted that the 
difference of whether it is easy to be influenced of the heat history or to be hard to win popularity arises. If it 
carries out from the position of designing a device process, it will be one of what [ the / to avoid most ] that 
the consistencies of an oxygen sludge differ for every wafer. It is required for the consistency of an oxygen 
sludge not to vary between wafers. 

[0026] This invention was made in view of the above troubles, and does not have a growth defect in the 
wafer whole region. And raising rate P which is the variable which had similarity and generality for the 
silicon single crystal of high quality with little dispersion in the amount of precipitation of oxygen It 
considers as a variable. The transition point and Ring OSF of a superfluous point defect field The optimal 
field by clarifying the transition point of the formation field of a growth defect And a header, It aims at 
offering the silicon single crystal and silicon single crystal wafer which are manufactured by the approach of 
manufacturing by pulling up a crystal, and its approach, pulling up within the limits of the raising rate 
corresponding to the field, and controlling a rate. 
[0027] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in case a silicon single 
crystal is raised with the Czochrlski method, although the silicon atom between grids of invention indicated 
to claim 1 of this invention is superfluous, it is the manufacture approach of the silicon single crystal 
characterized by raising a crystal in the field in which the floe does not exist. 

[0028] Thus, although the silicon atom between grids is superfluously contained in the whole region of a 
silicon single crystal if a crystal is raised only in the field in which the floe does not exist although the 
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silicon atom between grids is superfluous in case a silicon single crystal is raised The silicon single crystal 
which does not contain the crystal defect used as the nucleus of the oxidation induction stacking fault 
formed when floe of the growth defect which is the floe of an atomic hole, and the silicon atom between 
grids, and thermal oxidation processing are performed can be manufactured excluding the abnormality 
precipitation-of-oxygen field resulting from a superfluous atomic hole. 

[0029] Moreover, in case invention indicated to claim 2 of this invention raises a silicon single crystal with 
the Czochrlski method The transition raising rate Pc to which the transition to the field where the floe does 
not exist from the field which does not have a growth defect in a crystal raising rate although an atomic hole 
is superfluous although the silicon atom between grids is superfluous takes place, It is the manufacture 
approach of the silicon single crystal characterized by raising a crystal, controlling between the transition 
raising rates Pi to the field where the floe of the silicon atom between grids exists from the field where the 
floe does not exist, although the silicon atom between grids is superfluous. 

[0030] In order to raise a crystal like claim 1 only in the field in which the floe does not exist although the 
silicon atom between grids is superfluous in case a silicon single crystal is raised Although you may make it 
control the factor of the temperature gradient and others of a crystal orientation, by controlling a crystal 
raising rate like claim 2 If the silicon single crystal of this quality is raised, the silicon single crystal of 
request quality can be obtained simply and certainly, and an uncertain simulation analysis etc. is 
unnecessary. 

[0031] in this case, when the transition point to a field without that floe changes with the directions of a path 
of a crystal from the field which does not have a growth defect although an atomic hole is superfluous 
although the silicon atom between grids is superfluous as indicated to claim 3 The smallest transition raising 
rate in the transition raising rate corresponding to the transition point (Pc.min), Between the largest 
transition raising rates (Pi.max) in the transition raising rate corresponding to the transition point to the field 
where the floe of the silicon atom between grids exists from the field where the floe does not exist although 
the silicon atom between grids is superfluous It is necessary to make it raise a crystal, controlling a crystal 
raising rate. 

[0032] Usually, the transition point from a field to the field which does not have a growth defect although an 
atomic hole is superfluous and which does not have the floe although the silicon atom between grids is 
superfluous changes with the directions of a path of a crystal in many cases, and in such a case, if a crystal is 
not raised controlling a crystal raising rate between above-mentioned Pc.min and Pi.max, when it is made a 
wafer, it cannot make the whole surface a request defect-free field. 

[0033] and when the transition point to a field without the floe changes with the directions of a path of a 
crystal from the field which does not have a growth defect although an atomic hole is superfluous although 
the silicon atom between grids is superfluous as indicated to claim 4 It is made to make the rate to Pc.min of 
the difference of the largest transition raising rate (Pc.max) in the transition raising rate corresponding to the 
transition point, and the smallest transition raising rate (Pc.min) into 0% - 7%. Moreover, as indicated to 
claim 5, it is the crystal growth shaft-orientations temperature gradient G of the interface right above of 
silicon melt and a crystal. It is made to make the rate to Gmin of the difference of the radial maximum 
Gmax and the minimum value Gmin into 20% or less. 

[0034] Thus, by considering as the conditions of above-mentioned Pc.max and above-mentioned Pc.min, or 
the conditions of Gmax and Gmin, when a transition point changes with the directions of a path of a crystal, 
although the silicon atom between grids is superfluous, it becomes controllable [ the raising rate for pulling 
up the crystal of the request quality of only the field where the floe does not exist ]. 

[0035] In this invention and the concrete value of Pc, Pi and Pc.max, Pc.min, and Pi.max A crystal is raised 
pulling up during raising of the single crystal performed beforehand, and decreasing a rate gradually, as 
indicated to claim 6. From the raised single crystal rod, the sample by which the vertical end was carried out 
in parallel with crystal growth shaft orientations through the crystal center shaft is started. In order to 
remove surface treatment distortion, etching processing is performed, oxygen precipitation heat treatment is 
performed to this, life time of a minority carrier is measured in quest of distribution of the defect in a 
sample, and it is made to determine by searching for distribution of the life time in a sample. 
[0036] According to such an approach, in the raising machine of any incubation structures in a furnace, Pc, 
Pi and Pc.max, Pc.min, and Pi.max can be determined simply and correctly in principle. And if complicated 
count, the simulation based on an indefinite element and an inaccurate premise, etc. are unnecessary at all, it 
pulls up according to the acquired value, a rate is controlled and a crystal is raised, the crystal of request 
quality can be obtained certainly. 

[0037] Therefore, the silicon single crystal (claim 7) which has the quality of only the field where the floe 
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does not exist by the approach of this invention although the silicon atom between grids is superfluous can 
be obtained efficiently. The silicon single crystal wafer (claim 8) obtained from this silicon single crystal In 
the wafer whole region, the silicon atom between grids is superfluously contained like claim 9. It becomes 
the silicon single crystal wafer which does not contain the crystal defect used as the nucleus of the oxidation 
induction stacking fault formed when floe of the growth defect which is the floe of an atomic hole, and the 
silicon atom between grids, and thermal oxidation processing are performed excluding the abnormality 
precipitation-of-oxygen field resulting from a superfluous atomic hole. 

[0038] Hereafter, it explains per this invention and also to a detail. The transition point of the class of point 
defect [ first as opposed to a crystal raising rate at this invention ], the transition point of a growth defective 
field, and ring OSF The transition point of a field is decided as follows. That is, a crystal is raised fixing 
variation gamma of the raising rate per unit length (mm/min/cm), pulling up it during crystal raising, and 
decreasing a rate gradually, it passes along a crystal center shaft, and the sample by which the vertical end 
was carried out in parallel with crystal growth shaft orientations is produced. In order to remove processing 
distortion introduced in this sample at the time of cutting, it is immersed in the mixed-acid solution which 
consists of fluoric acid (HF) and a nitric acid (HN03). Next, each transition point can be determined from a 
distribution map by performing oxygen precipitation heat treatment to a sample, performing analysis by the 
X-ray topogrph method, investigating distribution of the defect in a sample, or performing measurement by 
the life time method of a minority carrier, and investigating distribution of the life time in a sample. 
[0039] In the above-mentioned approach, although variation of the raising rate per unit length was fixed, and 
was pulled up and the rate was decreased gradually, it is not necessarily required requirements to make the 
variation regularity. However, it is convenient for the direction which set variation constant evaluating 
relatively the crystal raised with a monograph affair. 

[0040] In this way, an example of the defective distribution map for which it asked is shown in drawing 2 . 
Field A is the growth defect FPD. It is the field formed. This gives SEKOETCHINGU to the sample to 
which oxygen precipitation heat treatment is not performed by the above-mentioned sample, and can check 
it by observing a front face. Field B is Ring OSF. It is the field formed. Field C is FPD of a growth defect. 
LEP Although it is a defect- free field in the field which is not observed, it is the field where precipitation of 
oxygen happens. Field D is FPD of a growth defect. LEP Although it is a defect-free field in the field which 
is not observed, precipitation of oxygen is the field which hardly happens (request quality field of this 
invention). Field E is LEP. It is the field which it begins to form and precipitation of oxygen has happened 
slightly. Field F is LEP of a growth defect. It is the field observed and is the field where precipitation of 
oxygen hardly happens. 

[0041] If the size of the amount of precipitation of oxygen is compared by comparing the size of the strength 
of the contrast of an X-ray topogrph image, and the life time of a minority carrier in each field, it will 
become Field C, Field A, Field E, Field B, and Fields D and F at descending. If the silicon atom between 
grids becomes superfluous as mentioned above, since precipitation of oxygen is controlled, it can be judged 
as the field D where precipitation of oxygen was controlled, and E and F being the fields where the silicon 
atom between grids is superfluous. Therefore, the silicon overatom field between grids and an atomic 
overhole field are in a defect- free field, and the boundary can be judged from measurement of the difference 
of the amount of precipitation of oxygen, or the life time of a minority carrier. By the manufacture approach 
of this invention, it asks for a defective distribution map in this way first, and each raising rate factor is got 
to know. 

[0042] Next, the silicon single crystal and silicon single crystal wafer which will be obtained the 
manufacture approach of the silicon single crystal of this invention and from now on are explained in full 
detail. About many samples produced at the raising rate equivalent to the field C of the defect- free field 
shown in drawing 2 , and Field D, if the amount of precipitation of oxygen is investigated, it will become 
like drawing 3 . Its dispersion is also large while the precipitation of oxygen of the field C shown with a 
circle [ white ] has many amounts of deposits. The precipitation of oxygen of the field D shown by the black 
dot is ** carrying out of the ideal behavior that dispersion is also small and the amount of deposits is mostly 
decided only by the initial oxygen density while it is controlled and there are few amounts of deposits. 
[0043] Therefore, in this invention, if a crystal is pulled up within the limits of this field D, the silicon single 
crystal of request quality and a silicon single crystal wafer can be obtained. That is, it is the silicon single 
crystal and the silicon single crystal wafer which are raised by the Czochrlski method, and the silicon single 
crystal and the silicon single crystal wafer which contain the silicon atom between grids superfluously in the 
whole region, and do not contain the crystal defect used as the nucleus of the oxidation induction stacking 
fault formed excluding the abnormality precipitation-of-oxygen field resulting from a superfluous atomic 
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hole when floe of the growth defect which is the floe of an atomic hole, and the silicon atom between grids, 
and thermal-oxidation processing are performed are realized. 

[0044] If this is said at a raising rate, in drawing 2 , the transition to the field where the floe does not exist 
from the field which does not have a growth defect although an atomic hole is superfluous, i.e., an 
abnormality precipitation-of-oxygen field, although the silicon atom between grids is superfluous will take 
place, and the raising rate at that time will be set to Pc on the boundary of Field C and Field D. Although the 
silicon atom between grids is superfluous, the transition to the field where floe does not exist and where the 
floe of the silicon atom between grids exists from a field takes place, and the raising rate at that time is set to 
Pi on the boundary of Field D and Field E. 

[0045] Then, the silicon single crystal and the silicon single crystal wafer with the request quality of only 
the D region of this invention The field which does not have a growth defect in a crystal raising rate 
although an atomic hole is superfluous, Namely, from an abnormality precipitation-of-oxygen field, 
although the silicon atom between grids is superfluous By the approach of raising while controlling between 
the transition raising rate Pc to which the transition to the field where the floe does not exist takes place, and 
the transition raising rate Pi to the field where the floe of the silicon atom between grids exists from the field 
where the floe does not exist although the silicon atom between grids is superfluous It can manufacture. 
[0046] If such actuation is performed with each incubation structure in a furnace, in principle, Pc and Pi can 
be pulled up within the limits of a header and these, a rate can be controlled, crystal growth can be 
performed in any raising equipments and the structure in a furnace, and the silicon single crystal and silicon 
single crystal wafer of this invention quality can be obtained. And since it is control of a raising rate, there is 
not necessarily no need of using special equipment in operation of this invention that what is necessary is 
just to use what is performed with usual raising equipment. 

[0047] However, although the case where the incubation structure in a furnace is optimized becomes like 
drawing 2 , the transition raising rates Pc and Pi change in the direction of a path of a crystal actually in 
many cases. Thus, drawing 4 (a), (b), and (c) showed the example of a type from which a transition raising 
rate differs among those which change in the direction of a path of a crystal. These are x about a crystal 
radius by the approach which has the incubation structure in three kinds of different furnaces, and was 
mentioned above, respectively. It considers as a shaft and is y about a raising rate. It considers as a shaft and 
asks for the distribution map of a crystal defect. 

[0048] As an index showing a relative difference of the incubation structure in these furnaces, it is FEMAG. 
Crystal growth shaft-orientations temperature gradient G of the interface right above of the silicon melt and 
the crystal for which it asked with simulation software It uses. Difference deltaG of the value (Gs) on the 
front face of a crystal (periphery), and the value (Gc) of a crystal center When the ratio to a value with the 
smaller value of a crystal center and the smaller value on the front face of a crystal was set to eta, it turned 
out that the values differ greatly, respectively. 

[0049] namely, drawing 4 (a) — the case where the growth shaft-orientations temperature gradient on the 
front face of a crystal is larger than the growth shaft-orientations temperature gradient of a crystal center ~ 
eta= 0.357 it is . drawing 4 (b) — the case where the growth shaft-orientations temperature gradient on the 
front face of a crystal is slightly larger than the growth shaft-orientations temperature gradient of a crystal 
center — eta- 0.091 it is . drawing 4 (c) — the case where the growth shaft-orientations temperature gradient 
on the front face of a crystal is smaller than the growth shaft-orientations temperature gradient of a crystal 
center — eta=-0.362 it is . 

[0050] When this is seen, in the case of drawing 4 (a), it crosses throughout the crystal-radius direction, and 
there is no raising rate which enters into Field D in it. When shown in drawing 4 (b), in the case of 
smallness, eta becomes close to ideal distribution of drawing 2 by forward. Like (a), in the case of drawing 4 
(c), it crosses throughout the crystal-radius direction, and there is no raising rate which enters into Field D in 
it. 

[0051] thus, although the silicon atom between grids is superfluous, when the transition point to a field 
without the floe changes with the directions of a path of a crystal from the field which does not have a 
growth defect although an atomic hole is superfluous The smallest transition raising rate in the transition 
raising rate corresponding to the transition point (Pc.min), It is necessary to make it raise a crystal, 
controlling between the largest transition raising rates (Pi.max) in the transition raising rate corresponding to 
the transition point to the field where the floe of the silicon atom between grids exists from the field where 
the floe does not exist, although the silicon atom between grids is superfluous. 

[0052] and about the incubation structure in a furnace of giving the value of eta comparatively near the 
example shown in drawing 4 (b) When many are investigated, in order for the raising rate which crosses 
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throughout the crystal-radius direction and enters into Field D to exist It became clear that it is required to 
make the rate to Pc.min of the difference of the largest transition raising rate (Pc.max) in the transition 
raising rate corresponding to the transition point and the smallest transition raising rate (Pc.min) into 0% - 
7%. 

[0053] Moreover, it crossed throughout the crystal -radius direction, and when the conditions in which the 
raising rate which enters into Field D exists were said on condition that the crystal growth shaft-orientations 
temperature gradient, it became clear that it is required to make the rate to Gmin of the difference of the 
radial maximum Gmax of the crystal growth shaft-orientations temperature gradient of the interface right 
above of silicon melt and a crystal and the minimum value Gmin into 20% or less. 

[0054] That is, drawing 5 is drawing showing the result of having investigated relation with eta as raising 
speed-range **P= Pc.min-Pi.max which a raising rate is gradually decreased by fixed variation, raises a 
crystal, and realizes Field D, in various incubation structures in a furnace. It is **P, if this drawing is seen, 
and it does not ask whether eta is forward or it is negative and is not 20% or less. It turns out that it is set to 
0. 

[0055] And a crystal overall length is covered among crystal growth, and it is the raising rate P. If it pulls up 
controlling between Pc and Pi or between Pc.min and Pi.max, although the silicon atom between grids of 
this invention of all of one single crystal rod is superfluous, it can consider as the crystal of only the field 
where the floe does not exist. 

[0056] In this way, since the silicon atom between grids contains superfluously the silicon single crystal and 
silicon single crystal wafer of this invention which are obtained in the whole region, the abnormality 
precipitation of oxygen resulting from a superfluous atomic hole does not happen, but the precipitation-of- 
oxygen behavior it is decided only by the initial oxygen density that the amount of precipitation of oxygen 
by heat treatment will be is shown. Therefore, since the amount of precipitation of oxygen formed by the 
heat treatment process of a device process by specifying an initial oxygen density can be decided, dispersion 
in the amount of precipitation of oxygen can be reduced. Moreover, since the wafer with which precipitation 
of oxygen happens too much is not included, the design of a device thermal process becomes easy. 
[0057] In addition, FPD which is the floe of an atomic hole Since the nucleus of the growth defect of LEP 
(considered a dislocation loop and its cluster) which is the floe of the silicon atom between grids, and an 
oxidization induction stacking fault is not included, poor junction leak of a device and the poor proof 
pressure of an oxide film are reduced. Naturally, since it is easy to control the amount of precipitation of 
oxygen, too much precipitation of oxygen can be eliminated and it can reduce poor junction leak and the 
poor oxide-film proof pressure of an oxygen sludge reason. 

[0058] in order [ by the way, ] to dissolve the oxygen sludge near the surface in recent years ~ a hydrogen 
ambient atmosphere — the crown — although warm temperature processing may be performed, the thermal 
stress more than critical shear stress is applied to a wafer, since it is an elevated temperature, a 
rearrangement called a slip is formed, or the metal contamination from the member in a heat treating furnace 
takes place, the yield is low and a problem is in productivity. Moreover, depending on elevated-temperature 
heat treatment in a hydrogen ambient atmosphere, the growth defect FPD (it is also called COP) from a front 
face to a depth of several microns is only extinguished. And growth defect LEP In this hydrogen heat 
treatment, it does not disappear in a surface, therefore, such [ the wafer of this invention ] a hydrogen 
ambient atmosphere — the crown — it is more nearly quality than the wafer which performed warm 
temperature processing. 

[0059] On the other hand, by this invention, there are comparatively few precipitation-of-oxygen nuclei 
under raised crystal, and since the precipitation of oxygen by subsequent heat treatment is also controlled, 
by the in thorin chic gettering method for using an oxygen sludge, it may be thought that it is unsuitable. 
However, generally the device process in recent years is made clean more by not becoming a problem at all, 
since the amount of precipitation of oxygen required in a device thermal process can be adjusted by 
knowing well that heat treatment will be performed by low temperature, such as 650 **, and adjusting the 
time amount at this time, in order to eliminate the oxygen donor formed during crystal cooling in a wafer 
making process, and the amount of need precipitation of oxygen is also decreasing. And if it is the wafer of 
this invention and even the initial oxygen density will be measured since dispersion in the amount of 
precipitation of oxygen is small in case it decides on the heat treatment time amount of 650 **, it is effective 
in the ability to set up heat treatment time amount uniquely. 

[0060] Temperature gradient G which gives the value which changes with analytical engines by the 
manufacture approach of the silicon single crystal of this invention Since it ends even if it does not use, it is 
similar and general. That is, if decrease a raising rate gradually and a crystal is raised, it pulls up with the 
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crystal-radius direction location, the defective distribution over a rate is investigated and Pc, Pi, Pc.max, 
Pc.min, Pi.max, Pi.min, etc. are calculated, the relative comparison of this can be carried out simply. Also to 
the raising equipment and the incubation structure in a furnace which are completely designed newly, it 
pulls up similarly, and a rate is decreased gradually, a crystal is raised, it pulls up with the crystal-radius 
direction location, the defective distribution over a rate is investigated, and the equipment to manufacture of 
the silicon single crystal of this invention, adaptation of the incubation structure in a furnace, and 
nonconformance can be judged by the size of **P = Pc.min-Pi.max. Moreover, as shown in drawing 5 , they 
are **P = Pc.min-Pi.max, and eta= (Gs-Gc) / min. The relation between {Gs, Gc} to **P In order to enlarge, 
it can judge whether Gc or Gs should be enlarged or it should be made small, and it becomes easy to design 
more ideal raising equipment and the incubation structure in a furnace. 

[0061] Generally, it is the raising rate P in crystal growth. The silicon single crystal of this invention can be 
manufactured by fixing or making it small gradually between Pc, Pi, or Pc.min and Pi.max covering a 
crystal overall length. Since a crystal stops being able to get cold more easily with crystal growth, this is the 
growth shaft-orientations interface right above temperature gradient G. Parameter P/G in the Voronkov 
proposal theory of the above-mentioned [ become / whether it becomes fixed and / it / relative ] It is thought 
that it is related to becoming almost fixed. Namely, temperature gradient G Since it becomes [ whether it is 
fixed with crystal growth, and ], it is the raising rate P. It is thought that it is necessary to carry out whether 
it fixes with crystal growth gradually. 
[0062] 

[Embodiment of the Invention] Hereafter, although an example is given and the gestalt of operation of this 

invention is explained, this invention is not limited to these. 

[0063] 

[Example] The example of this invention is explained below. First, drawing 6 explains the example of a 
configuration of the single crystal raising equipment by the CZ process used by this example. As shown in 
drawing 6 , this single crystal raising equipment 30 The raising room 31, the crucible 32 prepared all over 
the raising room 31, and the heater 34 arranged around a crucible 32, It has the reel style (not shown) which 
rotates or rolls round the crucible maintenance shaft 33 made to rotate a crucible 32 and its rolling 
mechanism (not shown), the seed chuck 6 holding the seed crystal 5 of silicon, the cable 7 that pulls up a 
seed chuck 6, and a cable 7, and is constituted. A quartz crucible is prepared in the side in which a crucible 
32 holds the silicon melt (molten bath) 2 of the inside, and the graphite crucible is prepared in the outside. 
Moreover, the heat insulator 35 is arranged around [ outside ] the heater 34. 

[0064] Moreover, in order to satisfy the manufacture conditions in connection with the manufacture 
approach of this invention, the solid-liquid interface heat insulator 8 annular on the periphery of the solid- 
liquid interface of a crystal is formed in the lower limit section of the rectification cylinder 9. This solid- 
liquid interface heat insulator 8 forms the 3- 10cm clearance 10 between that lower limit and surface of hot 
water 3 of silicon melt 2, and is installed in it. Moreover, the magnet 36 which impresses a magnetic field to 
silicon melt and controls the convection current is arranged on the horizontal outside of the raising room 3 1 . 
[0065] Equipment like above-mentioned drawing 6 is used, and it is 1 10kg about a silicon polycrystal raw 
material to a quartz crucible with a diameter of 22 inches. It was filled up, it energized at the heater made 
from graphite installed in the outside of a quartz crucible, and the silicon raw material was fused. The 
distance of the lower limit of the solid-liquid interface heat insulator 8 installed in the silicon melt upper part 
by the object for radiant heat electric shielding and the object for gas rectification to a crystal and the surface 
of hot water 3 of silicon melt 2 was set as 5cm. 

[0066] And after immersing and familiarizing the tip of the seed crystal 5 of a silicon single crystal with 
silicon melt, when pulled up seed crystal gradually, the part which stands in a row in seed crystal, and is 
called the neck section was produced, the diameter was subsequently extended gradually and it became a 
desired diameter, increase of a diameter was grown up for the stop and the fixed diameter. The diameter of 
the request at this time was set to 200 mm. 

[0067] When it became predetermined body die length, it is the variation gamma of the raising rate per unit 
length from 0.7 mm/min about a raising rate 0.005 mm/min/cm It carries out and is the raising rate P 
gradually. It lowered. During crystal training, the quartz crucible was gradually pushed up so that spacing of 
melt and the solid-liquid interface heat insulator 8 might be kept constant. Moreover, in order to suppress 
the temperature fluctuation by the melt convection current and to control fluctuation of a raising rate, the 
level magnetic field of 4000G was impressed during training, the incubation structure in a furnace at this 
time — FEMAG the temperature gradient of the melt right above growth shaft orientations searched for from 
the heat transfer analysis to depend — a crystal front face — most — large — a crystal center — most — small - 
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- eta= (Gs-Gc) / min the value of {Gs, Gc} — 0.093 it was . 

[0068] It is the sample of thickness 2 mm in a diameter location to after crystal training, a crystal growth 
shaft, and parallel 2 It ********(ed). This sample was immersed into the mixed-acid solution which 
consists of fluoric acid (HF) and a nitric acid (HN03), and processing distortion introduced at the time of 
cutting was removed. And about one sheet, by performing selective etching by SEKOETCHINGU for 30 
minutes, the growth defect was made to corrode and the consistency of FPD (floe of an atomic hole) and 
LEP (floe of the silicon atom between grids) of a growth defect was inspected. About one sheet which 
remains, they are 800 ** / 4 h+(N2) 1000 degrees C /, and 16 h (02). Precipitation heat treatment was 
performed. About precipitation heat treatment, although there are various sequences, in order to save the 
consistency of the precipitation-of-oxygen nucleus contained in a crystal of having grown up and to grow up 
it, this sequence is most suitable. The life time of a minority carrier was investigated after this precipitation 
heat treatment, and X-ray topogrph photography was performed. 

[0069] The defective distribution map for which it asked from the strength of the contrast of the X-ray 
topogrph corresponding to the field of a defect and the height of the amount of precipitation of oxygen is 
shown in drawing 7 . In drawing 7 , an axis of ordinate expresses the location of crystal growth shaft 
orientations, and the raising rate corresponding to the location if it puts in another way. An axis of abscissa 
expresses the radial location of a crystal. Field A is the growth defect FPD. A field and Field B are Ring 
OSF. For a field and Field C, the field and Field F where, as for the field (this invention quality field) where 
the field where the amount of precipitation of oxygen is high and Field D are defect-free and, where the 
amount of precipitation of oxygen is low, and Field E, precipitation of oxygen happens slightly although it is 
defect- free are the growth defect LEP. It is a field. 

[0070] Although the measurement result of life time was also written together in drawing 7 , the life time of 
Field C is the lowest reflecting existence of the oxygen sludge of high density. On the other hand, life time 
is the highest reflecting that it is defect-free in Field D, and formation of an oxygen sludge being controlled. 
[0071] Although the boundary of this drawing 7 to the field C and Field D, i.e., an atomic hole, is 
superfluous, it is the growth defect FPD. Pc.min corresponding to the point of appearing latest among the 
boundaries of the field which is not, and the field which does not have that floe although the silicon atom 
between grids is superfluous can be found. Moreover, Pi.max corresponding to the point of appearing early 
most among the boundaries of Field D and Field F, i.e., the boundary equivalent to Field E, can be found. In 
this case, Pi.max is a value in the crystal center section. In this way, the calculated concrete values were 
Pc.min = 0.504 mm/min, Pi.max = 0.488 mm/min, and Pc = 0.510 mm/min, respectively. 
[0072] Next, Pc.min = 0.504 mm/min obtained in the raising rate in the same raising equipment as the 
above, and the incubation structure in a furnace in the top Pi.max = 0.488 mm/min The crystal was raised 
controlling in between. The whole region of the crystal body by which the raising rate was controlled in the 
made crystal when the growth defect was investigated like the above is a growth defect and Ring OSF. It 
was defect-free and has checked that it was the field D without a nucleus to which precipitation of oxygen 
was controlled. The amount of precipitation of oxygen of the sample extracted from this crystal is shown by 
the black dot of drawing 3 R> 3. 

[0073] In addition, this invention is not limited to the above-mentioned operation gestalt. The above- 
mentioned operation gestalt is instantiation, and no matter it may be what thing which has the same 
configuration substantially with the technical thought indicated by the claim of this invention, and does the 
same operation effectiveness so, it is included by the technical range of this invention. 
[0074] For example, in the above-mentioned operation gestalt, although the example was given and 
explained per when a silicon single crystal with a diameter of 8 inches was raised, it cannot be 
overemphasized that it is what can apply this invention irrespective of the diameter of the crystal to pull up, 
can apply also in training of the diameter of 6 inches or less, the diameter of 8-16 inches, or the silicon 
single crystal beyond it, and takes effect. 

[0075] Moreover, if control of a raising rate can do this invention, it can apply in any raising equipments 
and the equipment of the structure in a furnace, and the existence of impression of the magnetic field to 
silicon melt will not be asked, either. Moreover, the magnetic field impressed when impressing a magnetic 
field is not restricted to a level magnetic field, and also when impressing the so-called vertical magnetic 
field, a cusp field, etc., it can be applied. Moreover, it doubles and in order to manufacture the crystal of 
only the D region which is this invention quality, not only when controlling only a raising rate but is 
Inclination G whenever [ crystal moderate temperature ]. Or you may make it control other factors and this 
invention does not eliminate the case where such control is carried out. 
[0076] 
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[Effect of the Invention] As explained above the silicon single crystal and silicon single crystal wafer of this 
invention Since the nucleus of the growth defect (the cavity called FPD and COP, a dislocation loop, and its 
cluster) which is the floe of the point defect formed during crystal cooling, and an oxidation induction 
stacking fault is not included over the whole region For a poor oxide-film proof pressure and poor junction 
leak to be reduced in addition, since the whole region has become a silicon overatom between grids and 
abnormality (high density) precipitation of oxygen does not happen Since a high-density oxygen sludge does 
not happen while there is no dispersion in the amount of precipitation of oxygen between wafers and the 
design of a device thermal process becomes easy, the poor junction leak resulting from it does not take 
place. Therefore, it contributes to improvement in the production yield of the semiconductor device of a 
high degree of integration. Moreover, by the manufacture approach of the silicon single crystal of this 
invention, in order that ** may also specify the implementation conditions of the silicon single crystal of 
this invention only at a raising rate not using the value of the temperature gradient G searched for from 
simulation, there is [ that it is similar and ] generality in the manufacture approach of the silicon single 
crystal of this invention, there is the description that it can use widely, and big contribution is carried out on 
industrial production. 



[Translation done.] 



http://www4.ipdl . ncipi . go .jp/cgi -bin/tran_web_cgi_ej j e 



2/7/2006 



JP,11-199387,A [DRAWINGS] 



Page 1 of 4 



* NOTICES * 

JPO and NCIPI are not 
damages caused by the 



responsible for any 

use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
LEPtm 



FPDSHS 
I 




s 

g 



[Drawing 2] 



_t 



i pc 



Pi 





y^A >X 








D 











8 

B 

I. 



[Drawing 3] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 2/7/2006 



JP,1 1-199387.A [DRAWINGS] 





8.0 




7.0 


§ 




LU 


6.0 


E 


5.0 


CL 
CL 


4.0 


in 






3.0 




2.0 


SB 


1.0 




0.0 



mf&m: 800^/4 h (Nz) + 1000t/16 h (Oa) 







' • 1 

i ! 0 0 
! I ! ~o 






y r"o 

i p °o 

J _ ^rv O O Gf 







i 






. " 0 

j j-^-b-*-- 











6G~ 



0fi * i j»r 



11 12 13 14 15 16 
#J»]^iSK (ppma-JEIDA) 



17 




TDrawing 41 



http ://www4 . ipdl . ncipi .go. jp/cgi-bin/tran_web_cgiejj e 



JP,11-199387,A [DRAWINGS] 



(a) 

V -0.357 |l 




I 
S 
s 

§ 
a 



(b) 

*?«0.09l 




A- m 



€1 




[Drawing 5 ] 



AP» Pc.min- Pi,max 




[Drawing 71 



http ://www4 . ipdl . ncipi . go . jp/cgi-bin/tran_web_cgi_ejj e 



JP,11-199387,A [DRAWINGS] 



Page 4 of 4 




38 7*-fA<A«ec) 

A 16 

B 60 

C 8 

D MX) 

E 70 

F 80 



100 



&&*fcfrt>G>mm (mm) 



[Translation done.] 



http://www4jpdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2/7/2006 



